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(54) Electromagnetic actuator with split housing assembly 

(57) A method of securing a core of an electromag- a coil of the electromagnetic device, 
netic device to a housing assembly is provided. The 
core includes a stack of a plurality of laminations. Each 
of the laminations has a plurality of apertures extending 
therethrough which cooperate to define a plurality of 
apertures through the core. The core has generally pla- 
nar ends. The housing assembly includes first and sec- 
ond housing portions constructed and arranged to 
receive the core. Each housing portion has first and 
second opposing surfaces with the first surface defining 
a generally planar contact surface. Each housing por- 
tion includes a recess extending inwardly from the con- 
tact surface and a plurality of apertures extending from 
the first surface to the second surface. The apertures in 
the housing portions are disposed at locations corre- 
sponding to locations of the apertures in the core. The 
method includes ananging the core between the first 
and second housing portions such that the apertures in 
the housing portions align generally with the apertures 
in the core. A fastener is then inserted through each of 
the apertures in the first housing portion, through each 
of the apertures in the core and through each of the cor- 
resporxiing apertures in the second housing portion in 
such a manner to secure the core to the first and second 
housing portions with each planar end of the core being 
engaged with an associated contact surtace. Each end 
of the core defines, in cooperation with an associated 
recess, a coil receiving space for receiving a portion of 




m 
m 
w 



n 26 



r- 

m 

8 
5 



Prtnied by Xercx (UK) Business Sorvtces 
2ie7/3 6 



1 



EP 0 923 089 A1 



2 



Description 

[0001] This Patent Application claims priority to U.S. 
Provisional Patent Application No. 60/069,144, filed 
December 9, 1997, the contents of which is hereby s 
incorporated by reference In its entirety herein. 

RELD OF THE INVENTION 

[0002] This invention relates to an electromagnetic io 
actuator for a vehicle engine and, more particularly, to a 
method of securing a core of the actuator to a two-com- 
ponent housing assembly so as to accommodate cores 
having varying lamination stack heights. 

IS 

BACKGROUND OF THE INVENTION 

[0003] A conventional electromagnetic actuator for 
opening and closing a valve of an internal combustion 
engine generally includes "open" and "close" electro- 20 
magnets which, when energized, produce an electro- 
magnetic force on an armature. The armature is biased 
by a pair of identical springs arranged in parallel. The 
armature is coupled with a cylinder valve of the engine. 
The armature rests approximately half way between the 25 
open and close electromagnets when the springs are in 
equilibrium. When the armature is held by a magnetic 
force in either the closed or opened position (at rest 
against the open or dose electromagnet), potential 
energy is stored by the springs. If the magnetic force is 30 
shut off with the armature in the opened position, the 
spring's potential energy will be converted to kinetic 
energy of the moving mass and cause the armature to 
move towards the close electromagnet. If friction is suf- 
ficiently low. the armature can then be caught in the 35 
closed position by applying current to the close electro- 
magnet. 

[0004] The conventional electromagnetic actuator has 
a one-piece housing which is constructed and arranged 
to contain the core or lamination. stack for an electro- 40. 
magnet. It is often the case that the lamination stack 
height may vary for each electromagnet since the lami- 
nated core assembly is. composed of many irxiividual 
laminations each having a certain height dimension 
within a predetermined tolerance. In certain instances, 45 
tolerance stack-up of the many laminations may not per- 
mit the overall lamination stack to fit easily within the 
one-piece housing. 

[0005] Accordingly, there is a need to provide an elec- 
tromagnetic actuator having a housing assembly config- so 
uration which accounts for varying lamination stack 
heights to facilitate assembly of the lamination stack 
with respect to the housing assembly. 

SUMNIARY OF THE INVENTION 55 

[0006] An object of the present invention is to fulfill the 
need referred to above. In accordance with the princi- 



ples of the present invention, this objective is obtained 
by providing a method of securing a core of an electro- 
magnetic device to a housing assembly. The core 
includes a stack of a plurality of laminations. Each of the 
laminations has a plurality of apertures extending there- 
through which cooperate to define a plurality of aper- 
tures through the core. The core has generally planar 
ends. The housing assembly includes first and second 
housing portions constructed and arranged to receive 
the core. Each housing portion has first and second 
opposing surfaces with the first surface defining a gen- 
erally planar contact surface. Each housing portion 
includes a recess extending inwardly from the contact 
surface and a plurality of apertures extending from the 
first surface to the second surface. The apertures in the 
housing portions are disposed at locations correspond- 
ing to locations of the apertures in the core. The method 
includes arranging the core between the first and sec- 
orxi housing portions such that the apertures in the 
housing portions align generally with the apertures in 
the core. A fastener is then inserted through each of the 
apertures in the first housing portion, through each of 
the apertures in the core and through each of the corre- 
sponding apertures in the second housing portion in 
such a manner to secure the core to the first and second 
housing portions with each planar end of the core being 
engaged with an associated contact surface. Each end 
of the core defines, in cooperation with an associated 
recess, a coil receiving space for receiving a portion of 
a coil of the electromagnetic device. 
[0007] In another embodiment of the invention the 
method includes first inserting a fastener through each 
of the apertures in the laminations and securing the fas- 
teners with respect to the laminations to join the plurality 
of laminations together. The fasteners include protrud- 
ing portions extending from opposing ends of the core 
and sized to be received in the apertures of the housing 
portions. Thereafter, the protruding portions are 
inserted into the apertures of the housing portions with 
the core- disposed between the housing portions. The 
protruding portions are secured to the housing portions 
to couple the housing portions to the core. 
[0008] In accordance with yet another aspect of the 
invention, a core and housing assembly for an electro- 
magnetic device is provided. The core includes a plural- 
ity of stacked laminations and the housing assembly 
includes first and second housing portions coupled to 
the core. 

[0009] Other objects, features and characteristic of 
the present invention, as well as the methods of opera- 
tion and the functions of the related elements of the 
structure, the combination of parts and economics of 
manufacture will become more apparent upon consider- 
ation of the following detailed description and appended 
daims with reference to the accompanying drawings, all 
of which form a part of this specification. 
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BRIEF DESCRIPTION OF THE DRA\AnNGS 
[0010] 

FIG. 1 is a sectional view of an electromagnetic 
actuator having two-component housing assem- 
blies provided in accordance with the principles of 
the present invention; 

FIG. 2 is an exploded perspective view of a lower 
housing assembly and core of a lower electromag- 
net of the electromagnetic actuator of FIG. 2, pro- 
vided in accordance with the principles of a first 
erribodiment of the present invention; and 

FIG. 3 is an exploded perspective view of a lower 
housing assembly and core of a lower electromag- 
net of the electromagnetic actuator of FIG. 2. pro- 
vided in accordance with the principles of a second 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0011] Referring to FIG. 1, an electromagnetic actua- 
tor is shown, generally indicated 10. having electromag- 
net housing assemblies provided in accordance with the 
principles of the present invention. The electromagnetic 
actuator 10 includes an upper housing assembly 13 
containing an upper electromagnet 15 and a lower 
housing assembly 17 containing a lower electromagnet 
19. An armature 21 is arranged for movement between 
the electromagnets 15 and 19. The armature 21 is car- 
ried by a shaft 23. The shaft 23 is configured to be cou- 
pled to a stem of a cylinder valve (not shown) of an 
engine of a vehicle in the conventional manner. 
[0012] The invention will be described with regard to 
the lower electromagnet 19. It will be appreciated, how- 
ever, that the principles of the invention are applicable to 
the construction of the upper electromagnet 15 as well. 
Thus, with reference to FIG. 3, the lower housing 
assembly 17 and core 14 of electromagnet 19 are 
shown provided in accordance with the principles of a 
first embodiment of the present Invention. The core 14 
comprises a stack of a plurality of laminations 1 6 prefer- 
ably composed of a soft magnetic material such as sili- 
con iron. Each lamination 16 is generally E-shaped 
defining channels 1 8 to receive a coil assembly 23 (FIG. 
1) of the electromagnet 19. Each lamination 16 of the 
stack includes a plurality of apertures 20 therethrough 
cooperating to define a plurality of apertures through 
the core 14. In the illustrated embodiment, four aper- 
tures 20 are defined in each lamination 16, however, 
any number of apertures 20 may be provided. The aper- 
tures 20 are sized to receive fasteners therein, the func- 
tion of which will become apparent below. The core 14 
has generally planar ends, 22 and 24, respectively. 
[0013] The housing assembly 17 includes first and 
second housing portions. 26 -and 28, respectively. As 



best shown in Fig. 2, each housing portion 26 and 28 is 
constructed and arranged to receive the core 14 and 
has a first surface 30 and an opposing second surface 
32. The first surface 30 defines a generally planar con- 

5 tact surface, the function of which will become apparent 
below. Each housing portion 26 and 28 includes a 
recess 34 extending inwardly from the contact or first 
surface 30, and a plurality of apertures 36 extending 
from the first surface 30 to the second surface 32. The 

70 apertures 36 defined in the housing portions 26 and 28 
are disposed at locations corresponding to locations of 
the apertures 20 in the core 14. 

[001 4] A plurality of fasteners 38 (FIG. 2) are provided 
to join the housing portions 26 and 28 to the core 14. In 
IS the illustrated.embodiment, the fasteners are in the form 
of conventional rivets. It can be appreciated that other 
types of fasteners could be employed, such as locking 
pins, screws, bolts, etc. 

[001 5] With reference to FIG. 2, the method of joining 
20 the core 14 to the housing portions 26 and 28 is as fol- 
lows: 

[001 6] First, the core 14 is arranged between the first 
and second housing portions number 26 and 28 such 
that the apertures 36 in the housing portions align gen- 

25 erally with the apertures 20 in the core 14. Next, a fas- 
tener 38 is inserted through each of the apertures 36 in 
the first housing portion 26, through each of the aper- 
tures 20 in the core 14 and through each of the corre- 
sponding apertures 36 in the second housing portion 28 

30 in such a manner to secure the core 14 to the first and 
second housing portions with each planar end 22 and 
24 of the core 14 being engaged with a contact surface 
30 of an associated housing portion. In the embodiment 
of FIG. 2, a riveting operation is performed to join the 

35 housing portions 26 and 28 to the core 14. 

[0017] Once assembled, each end 22 and 24 of the 
core 14 defines, in cooperation with an associated 
recess 34 of the housing portions, a coil receiving space 
40 for receiving an end portion of a coil 23 of the elec- 

40 tromagnet (FIG. 1). 

[0018] It is preferred that the housing portions 26 and 
28 be made from magnesium, aluminum or steel. When 
the housing portions are composed of magnesium or 
aluminum, a pair of back plates 42, preferably made of 

45 steel, are provided. Each back plate 42 includes aper- 
tures 44 therein corresponding to the apertures 36 in 
the first and second housing portions 26 and 28. The 
housing portions 26 and 28 are disposetf between the 
back plates 42 with a back plate 42 contading the sec- 

50 ond surface 32 of an associated housing portion such 
that loads of the rivets 38 are exerted on tfie back plates 
42. 

[0019] Each housing portion 26 and 2&of the lower 
housing assembly 17 preferably indufies a bottom 
55 flange 46 defining an alignment feature 4BlDr mounting 
the actuator 11. 

[0020] A second emtxxiiment of tts In/ention is 
shown in FIG. 3. The housing portiors2&and 28 are 
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identical to that of the embodiment of FIG. 3. The core 
14* is generally identical to that of FIG. 2. However, the 
individual end laminations 50, and 52 have a thickness 
greater than the thickness of an adjacent lamination, the 
function of which will be explained below. Further, the 5 
way in wNch the core 14* is fastened to the housing por- 
tions is different from that of the first embodiment of the 
invention. First, a fastener 38 is inserted through each 
of the apertures 20 in the laminations 16. Each of the 
fasteiers 38 is in the form of a shaft having a protruding w 
portion 54 extending beyond planar surfaces 22 and 24 
of the core 14'. In the illustrated embodiment, the fas- 
teners 38 are rivets secured to the core 14* via a locking 
member 56 so as to join the laminations 16 together. 
The locking members 56 may be secured to the shaft by 15 
crimping or welding. It can be appreciated that one lock- 
ing member 56 may be pre-fastened to the shaft and 
then the shaft may be inserted in the aperture 20 until 
the locking member contacts an end of the core. There- 
after, the second locking member may be used to 20 
secure the laminations together. Alternatively, the fas- 
teners 38 may be bolts or screws or may be pins which 
join the laminations via an interference fit with the aper- 
tures 20. 

[0021] Next, the protruding portions 54 are inserted 25 
into the apertures 36 in the housing portions 26 and 28 
with the core 14' disposed between the housing por- 
tions 26 and 28. The protruding portions 54 are then 
secured to the housing portions 26 and 28 to couple the 
housing portions to the core 14*. The protruding por- 30 
tions 54 are preferably secured to the housings portions 
via a riveting operation. Alternatively, the protruding por- 
tions may be secured to the housing portions by a press 
fit, a locking member, or a weld. Once assembled, each 
end 22 and 24 of the core 14* is in contact with a contact 35 
surface 30 of an associated housing portion. 
[0022] The end laminations 50 and 52 are made 
thicker than adjacent laminations so as to support the 
load of the fasteners 38 and to control expansion of the 
middle portion 58 of the core 1 4'. 40 
[0023] Since the laminations 1 6 are secured together, 
the core 14* and fasteners 38 may expand uniformly 
under thermal loads, which may prevent or reduce 
stress on the fastening joints. In addition, in both 
embodiments of the invention, the core is held by the 4S 
fasteners in intirhate contact with the housing portions 
which promotes good heat transfer and provides rigidity 
of the overall structure. 

[0024] It can be appreciated that since each electro- 
magnet housing assembly Is split into two housing por- so 
tions and rivets are used to join the housing portions to 
the core or lamination stack, variations in the height of 
the stack may be easily accounted for during the riveting 
operation and/or by selecting rivets or fasteners of 
appropriate length. 55 
[0025] The foregoing preferred embodiments have 
been shown and described for the purposes of illustrat- 
ing the structural and functional principles o! the present 
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invention, as well as illi^trating the methods of enrploy- 
ing the preferred embodiments and are subject to 
change without departing from such principles. There- 
fore, this invention includes all modifications encom- 
passed within the spirit of the following claims. 

Claims 

1 . A method of securing a core of an electromag- 
netic device to a housing assembly, the core com- 
prising a stack of a plurality of laminations, each of 
the laminations having a plural'ity of apertures 
extending therethrough which cooperate to define a 
plurality of apertures through said core, said core 
having generally planar ends, and the housing 
assembly comprising first and second housing por- 
tions constructed and arranged to receive the core, 
each housing portion having first and second 
opposing surfaces with the first surface defining a 
generally planar contact surface, each housing por- 
tion including a recess extending inwardly from the 
contact surface, each housing portion further 
including a plurality of apertures extending from the 
first surface to the second surface, the apertures in 
the housing portions being disposed at locations 
corresponding to locations of the apertures in the 
core, the method comprising the steps of: 

arranging the core between the first and sec- 
ond housing portions such that the apertures in 
the housing portions align generally with the 
apertures in the core; and 

inserting a fastener through each of the aper- 
tures in the first housing portion, through each 
of the apertures in the core and through each 
of the corresponding apertures in the second 
housing portion in such a manner to secure the 
core to the first and second housing portions 
with each planar end of the core being 
engaged with an associated contact surface, 
whereby each end of the core defines, in coop- 
eration with an associated recess, a coil receiv- 
ing space for receiving a portion of a coil of the 
electromagnetic device. 

2. The method according to daim 1. wherein said 
fasteners are rivets and said placing step includes 
performing a riveting operation. 

3. The method according to claim 1. wherein each 
of said first and second housing portions are made 
of magnesium, the method further providing a pair 
of back plates made of steel, each back plate 
including apertures therein corresponding to aper- 
tures in the first and second housing portions, sakl 
placing step including securing" the core between 
the housing portions with the housing portions 
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being disposed between the back plates and with a 
back plate contacting the second surface of an 
associated housing portion such that loads of said 
fasteners are exerted on the back plates. 

5 

4. The method according to claim 1 , wherein each 
of said first and second housing portions are made 
of aluminum, the method further providing a pair of 
back plates made of steel, each back plate includ- 
ing apertures therein corresporxiing to apertures in io 
the first and second housing portions, said placing 
step including securing the core between the hous- 
ing portions with the housing portions being dis- 
posed between the back plates and with a back 
plate contacting the second surface of an associ- is 
ated housing portion such that loads of the fasten- 
ers are exerted on the back plates. 

6. A method of coupling a core of an electromag- 
netic device to a housing assembly, the core com- 20 
prising a stack of a plurality of laminations each 
having a plurality of apertures extending there- 
through cooperating to define a plurality of aper- 
tures through the core, and the housing assembly 
comprising first and second housing portions con- 25 
structed and arranged to receive the core, each of 
said housing portions Including apertures therein at 
locations corresponding to locations of the aper- 
tures in the laminations, the method comprising the 
steps of: 30 

inserting a fastener through each of the aper- 
tures in said laminations and securing the fas- 
teners with respect to the laminations to join 
said plurality of laminations together, said fas- 35 
teners Including protruding portions extending 
from opposing ends of said core and sized to 
be received in the apertures of the housing por- 
tions, and 

40 

inserting the protruding portions Into the aper- 
tures of the housing portions with the core dis- 
posed between the housing portions and 
securing the protruding portions to the housing 
portions to couple the housing portions to the 45 
core. 

7. The method according to claim 6. wherein said 
fasteners are rivets secured to the laminations and 

to the housing portions via a riveting operation. so 

8. The method according to claim 6. wherein each 
said fastener Is In the form of a shaft, ends of said 
shaft which define the protruding portions being 
secured to end laminations of the core with a lock- ss 
ing member. 

9. The method according to claim 8, wherein said 



locking member is secured to said shaft via a crimp- 
ing operation. 

10. The method according to daim 8, wherein said 
locking member Is secured to said shaft via a weld- 
ing operation. 

11. The method according to claim 6, further pro- 
viding the individual laminations defining the oppos- 
ing ends of said core each having a thickness 
greater than a thickness of an adjacent lamination 
of said core. 

12. A core and housing assembly for an electro- 
magnetic device, said assembly comprising: 

a core assembly comprisirtg a stack of a plural- 
ity of laminations, each of said laminations hav- 
ing a plurality of apertures extending 
therethrough so as to define a plurality of aper- 
tures exterxiing through said core, said core 
having generally planar ends. 

a housing assembly comprising first and sec- 
ond housing portions, each housing portion 
being constructed and arranged to receive the 
core, each housing portion having first and sec- 
ond opposing surfaces with said first surface 
defining a generally planar contact surface, 
each housing portion including a recess 
extending Inwardly from said contact surface, 
each housing portion including a plurality of 
apertures extending from said first surface to 
said second surface, said apertures in said 
housing portions being disposed at locations 
corresponding to locations of the apertures in 
the core; and 

a plurality of fasteners, each fastener extending 
through an aperture in said core and Into an 
associated aperture in each of said housing 
portions ther^y coupling said housing por- 
tions to said core, with the each opposing end 
of saki core being engaged with an associated 
contact surface, whereby each end of said core 
defines, in cooperation with an associated 
recess, a coil receiving space for receiving a 
portion of a coil of the electromagnetic device. 

13. The assembly according to claim 12, wherein 
said fasteners are rivets. 

14. The assembly according to claim 12, wherein 
each of said first and second housing portions are 
made of magnesium, the assembly further includ- 
ing a pair of back plates made of steel, each back 
plate Including apertures flierein corresponding to 
apertures In said first and second housing portions. 
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a back plate contacting the second surface of an 
associated housing portion such that a loads of 
said fasteners are exerted on said back plates. 

15. The assennbly according to daim 12, wherein s 
each of said first and second housing portions are 
made of aluminum, the assembly further including a 
pair of back plates made of steel, each back plate 
including apertures therein corresponding to aper- 
tures in said first and second housing portions, a io 
back plate contacting the second surface of an 
associated housing portion such that a loads of 
said fasteners are exerted on said back plates. 

16. The assembly according to daim 12, wherein is 
individual laminations defining the opposing ends of 
said score have a thickness greater than the thick- 
ness of an adjacent lamination of said core. 
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